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The tertiary structure of the protein-associated yeast ribosomal 5 S RNA was examined using ethylnitroso- 
urea reactivity as a probe for phosphodiester bonds. A reduced reactivity was consistently observed in at 
least nine residues within four distinct regions of the RNA sequence. Seven of these were also observed 
in three regions of the free RNA molecule while two, A27 and Gw, were only present in the ribonucleoprotein 
complex. The results strongly suggest hat the tertiary structure of the free eukaryotic 5 S RNA is largely 
conserved in the 5 S RNA-protein complex although it appears to be further stabilized in interaction with 
the ribosomal protein. 
5 S rRNA Ribosome Ribonucleoprotein Tertiary structure 
1. INTRODUCTION 
Although RNA-protein interactions are fun- 
damental to ribosome structure and function, the 
mechanisms of interaction are still poorly 
understood. A number of protein binding sites in 
ribosomal RNA have been defined at least partially 
(e.g. [l-lo]), but the studies have been limited to 
primary and secondary structures and there is little 
understanding for either the role of the tertiary 
structure or any effects of protein binding on the 
higher order structure. Because 5 S RNA-protein 
complexes are relatively stable and easily prepared 
in high yields, they have become attractive models 
for ribosomal RNA-protein interactions and 
perhaps RNA-protein interactions in general. Fur- 
thermore, since in the course of protein synthesis 
the 5 S RNA has been postulated to contribute to 
the peptidyl transferase activity [ 111, interact with 
tRNA [12], have a role in ribosomal translocation 
[13] or even subunit association [14], the 5 S RNA- 
protein complex may also be of considerable im- 
portance in mRNA translation. 
While a great deal of progress has been made in 
our understanding of the primary and secondary 
structure for the 5 S RNA (reviews [7,15]) and the 
relationship of this structure to ribosomal protein 
binding, very little is known about the higher order 
structures or their role in the 5 S RNA-protein 
complex. Alternative experimental approaches 
have been used to describe the tertiary structures of 
the 5 S RNA from Escherichia coli and Sac- 
charomyces cerevisiae (yeast) and somewhat dif- 
fering models have been proposed [15-201. These 
differences may simply reflect differences in the 
probing techniques, but more recent comparative 
studies now suggest that the free eukaryotic 5 S 
RNA does have a more organized tertiary structure 
[20]. Here, the use of ethylnitrosourea reactivity as 
a probe for RNA tertiary structure [15,21] was ex- 
tended to the yeast 5 S RNA-protein complex. The 
results indicate that the higher order structure 
which is present in the free RNA molecule is retain- 
ed in the complex and may be further stabilized in 
the presence of ribosomal protein. 
2. MATERIALS AND METHODS 
2.1. Preparation and labeling of the 5 S RNA- 
protein complex 
Yeast (S. cerevisiae, strain S288C) was grown 
aerobically and both the 5 S RNA and 5 S RNA- 
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protein complexes were isolated from 60 S 
ribosomal subunits as described [22]. The purified 
RNA was labeled with cytidine 3’,5-[5’- 
“Plbisphosphate at the 3’-end using RNA ligase 
(Pharmacia) and repurified on a 12% 
polyacrylamide sequencing el [23]. The 5 S RNA- 
protein complex was then labeled by incubating 
purified yeast complex with labeled RNA of high 
specific activity to allow an exchange of RNA com- 
ponents. In a typical experiment 32P-labeled 5 S 
RNA was dissolved in 25 pl of 25 mM EDTA, pH 
7.0, containing 5-6 Az60nm units/ml of unlabeled 
yeast complex and incubated on ice for 30-45 min. 
The labeled complex was characterized by elec- 
trophoresis on an 8% polyacrylamide gel [IO,22]; 
50-90% of the labeled RNA was associated with 
the ribonucleoprotein complex. 
2.2. Determination of ethylnitrosourea-reactive 
sites 
Purified RNA and the 5 S RNA-protein com- 
plex were treated with ethylnitrosourea and the 
modified phosphodiester bonds were identified 
essentially as described by Vlassov et al. [21]. 
Briefly, 20~1 aliquots of labeled RNA or 
ribonucleoprotein complex either in 2 mM EDTA, 
0.3 M Na cacodylate, pH 8.0 (denatured condi- 
tion), or in 0.1 M NaCl, 20 mM MgClz, 0.3 M Na 
cacodylate, pH 8.0 (‘physiological-like’ condi- 
tion), or in 25 mM EDTA, pH 7.5 (RNP exchange 
buffer) were reacted with 2.5-7.5 ~1 ethylnitro- 
sourea-saturated ethanol for 2 min at 80°C 
(denatured condition) or 1 h at 20°C. After alkyla- 
tion, 20 pg carrier RNA was added to each sample 
followed by ethanol precipitation. The alkylated 
ribonucleoprotein samples were further depro- 
teinized by an SDS/phenol treatment 1221 and 
after alkali cleavage all samples were analyzed 
by gel electrophoresis on 12% polyacrylamide 
sequencing gels [15]. In each case samples, not 
treated with ethylnitrosourea, were included as 
controls for non-specific degradation. 
3. RESULTS AND DISCUSSION 
Previous studies on the accessibility of 3 ‘-end- 
labeled eukaryotic 5 S rRNAs to ethylnitrosourea 
modification [15] indicated that three common 
regions of the sequence contained phosphodiester 
bands which showed a reduced reactivity to 
ethylnitrosourea under physiological like condi- 
tions. These results were subsequently used [15] to 
estimate a working model for the tertiary structure 
of the eukaryotic 5 S rRNA in which two arms of 
the secondary structure interact to form a loop or 
‘lollipop’-like structure. As shown in fig.1, in the 
present study these regions of reduced reactivity 
were observed not only in the free 5 S RNA but 
also in the yeast ribonucleoprotein complex. While 
some quantitative differences are evident, at least 
seven residues (G77, Gs9, UN, Gsr, Gr01, Al02 and 
Al& in three different regions of the sequence 
showed a reduced reactivity in both RNA samples. 
Since the ribonucleoprotein complex was previous- 
ly found to be most stable in very low salt buffers 
[24], the modification experiments with both the 
free (RNA) and protein-associated (RNP) 5 S 
RNA molecule were conducted under these op- 
timized conditions. When compared to RNA 
treated under more physiological-like conditions 
(NAT) only one, somewhat variable difference was 
observed. As shown in fig. 1, residue A,; (open ar- 
row) was sometimes slightly less reactive in the 
absence of Mg’+. Furthermore, when less 
ethylnitrosourea reagent was added (2.5 pl) as a 
control to reduce any artifacts due to the ethanol 
solvent, the results were essentially identical. 
Taken together, therefore, these results strongly 
suggest that the tertiary structure of the free 5 S 
RNA is largely retained within the RNA-protein 
complex. In addition, to avoid cleavages which are 
induced by conditions of electrophoresis [20] the 
RNA was extracted directly after modification. 
Since previous physicochemical studies on 5 S 
RNA-protein complexes indicated RNA confor- 
mation changes during complex formation [24], 
other regions of the molecule were examined for 
reduced reactivity. As shown in fig.2, nucleotides 
in at least one region of the 5 S RNA were affected 
by the presence of ribosomal protein. Two residues 
(A27 and G~o showed a clearly reduced reactivity in 
the ribonucleoprotein complex. 
The presence of these additional restrictions in 
the accessibility of phosphodiester bonds raises at 
least two possibilities; that these two residues in- 
teract directly with the ribosomal protein or alter- 
nately, that the ribosomal protein induces or 
stabilizes further higher order structure in the 5 S 
rRNA. As shown in fig.3, the two residues are 
estimated to play a role in the secondary structure 
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Fig. 1. (Right) Common sites of reduced phosphate alkylation in the free and protein-associated S. cerevisiue 5 S rRNA. 
20 pl aliquots of 3’-end-labeled free or protein-associated RNA were treated with 25 or 5.0,ul of ethanol-saturated 
ethylnitrosourea s described in section 2. The partially degraded fragments were analyzed on a 12% polyacrylamide 
gel at 1000 V for 6 h; fragments from a diethyl pyrocarbonate-induced aniline degradation [23] were included as 
markers (A) for residue number determinations. Residues which were partially resistant to ethylnitrosourea 
modification as compared to 5 S rRNA treated under denaturing conditions (DEN) are indicated with arrows. NAT, 
free 5 S RNA treated with ethylnitrosourea under physiological-like conditions; RNA, free 5 S rRNA treated with 
ethylnitrosourea under conditions which favour the formation of the RNA-protein complex; RNP, ribonucleoprotein 
complex treated with ethylnitrosourea under conditions which favour the formation of the complex; Un, free RNA or 
complex incubated in the absence of ethylnitrosourea. 
Fig.2. (Left) Additional site of reduced phosphate alkylation in the protein-associated S. cerevisiae 5 S rRNA. The 
samples were treated and analyzed by electrophoresis on a 12% polyacrylamide gel at 1000 V for 20 h as described in 
fig.1. 
of the RNA but are not located in either of the 
three helical domains which constitute the protein 
binding site [lo]. In view of this the second ex- 
planation appears more likely with the protein- 
RNA interaction drawing the RNA structure 
tighter [24] allowing the additional phosphates to 
interact in the folding process. Indeed, the region 
of sequence containing A27 and GBI is predicted to 
fold against he opposite arm in the lollipop model 
Of the tertiary StrUCtUre and earlier, residue u48 
was found to be subject to a very slight and 
variable reduction in reactivity in the free RNA 
molecule [ 151. 
While the present results, therefore, do not con- 
elusively define the higher order structure of the 
protein bound 5 S RNA they add to our under- 
standing of the structure in two ways; they indicate 
that much of the tertiary structure in the free RNA 
is largely retained within the ribonucleoprotein 
complex and they underline further regions of the 
5 S RNA sequence which are affected by the RNA- 
protein interaction. The studies also demonstrate 
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Fig.3. Ethylnitrosourea-resistant phosphodiester bonds in the S. cerevisiae ribosomal 5 S RNA-protein complex. The 
secondary structure is estimated according to the base-pairing scheme of Nishikawa and Takemura [25]. The solid 
triangles cover residues which are partially resistant to ethylnitrosourea modification in both the free and protein- 
associated molecule; the solid circles cover residues which are partially resistant only in the protein-associated molecule. 
The shaded areas indicate the three helical domains which previously have been shown to constitute the ribosomal 
protein binding site (10,251 and the open arrows indicate regions of tertiary structure interaction as suggested in the 
lollipop model [15]. 
the potential utility of ethylnitrosourea reactivity 
as a probe for important phosphate interactions or 
sterically restricted phosphate groups within 
ribonucleoprotein complexes, in general. 
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